A series of LiFe 1−x CuxAs single crystal with the doping level x = 0-0.16 were grown. The resistivity measurement was conducted. The results show that the 10% Cu doping completely suppresses superconducting transition temperature and when the doping level increases to 16%, it presents a semiconducting behavior in the region of 2 K to 300 K.
Introduction
Since the discovery of La[O 1−x F x ]FeAs superconductor in 2008., 1 series of ironbased superconductors have been discovered, such as "1111"-type, [1] [2] [3] "122"-type., 4 "111"-type, 5-7 "11"-type 8 iron-based superconductor. Most of the parent compounds of these iron-based superconductors are in the form of antiferromagnetic spin density wave (SDW) states. The antiferromagnetism can be suppressed by either introducing charge carrier or applying pressure, leading to superconductivity. The 3d transition metal substitution on Fe site is considered to provide electronic charge carrier to the iron-based compounds and induce superconductivity. The behavior of Co or Ni doping roughly follows the rigid band mode in which the substitution on Fe site by one Co or Ni atom would provide one or two itinerant electrons.
9-11 But for another 3d transition metal Cu, the behavior of doping is quite different from Co/Ni.
12, 13 The density functional studies of the Fe 1−x Cu x Se * , † Corresponding authors. show that, although Cu serves as an effective electron dopant, it is still a source of strong scattering.
14 The angle-resolved photoemission spectroscopy (ARPES) studies of Ba(Fe 1−x Cu x ) 2 As 2 (Ref. 15 ) and the work on NaFe 1−x Cu x As (Ref. 16 ) have revealed that part of electrons doped by substitution of Cu are almost localized. Our previous work in Cu-doped LiFeAs system also indicates that most of the 3d valence electrons from Cu dopant are localized, resulting in almost intact Fermi surfaces for Cu-doped LiFeAs except for a very small hole-like band sinking below Fermi level. 17 In this paper, the Cu doping level in LiFe 1−x Cu x As system is increased to 16% and it is found that the sample presents a semiconducting behavior.
Experimental Details
Single crystals of LiFe 1−x Cu x As were synthesized by self-flux method. Li 3 As and Fe 1−x Cu x As were firstly synthesized as precursor. Li 3 As was synthesized at 650
• for 10 h from the mixtures of high purity Li lump and arsenic powder which were sealed in an evacuated titanium tube. Fe 1−x Cu x As was synthesized at 750
• for 20 h in an evacuated quartz tube. After the first sintering, the Fe 1−x Cu x As sample was ground thoroughly and pressed into cylinder to sinter again. Then, Li 3 As, Fe 1−x Cu x As and As powder were mixed together according to the nominal composition Li(Fe 1−x Cu x ) 0.3 As. The mixture was grounded and put into alumina crucible and sealed in Nb crucible under 1 atm of Argon gas. The Nb crucible was then sealed in the evacuated quartz tube, heated to 1100
• and slowly cooled down to 700
• at a rate of 3
• /h to grow single crystals. The obtained LiFe 1−x Cu x As single crystals have the typical size of 10 × 6 × 0.5 mm.
3 All sample preparations, except for sealing, were carried out in the glove box filled with high purity Argon gas.
The element composition of the LiFe 1−x Cu x As single crystals was checked by energy dispersive X-ray spectroscopy (EDS). These single crystals were characterized by X-ray diffraction. The transport measurements were carried on commercial physical properties measurement system (PPMS) using the four probe method.
Results and Discussions
The LiFe 1−x Cu x As single crystals with different doping level had been prepared and the EDS measurement results show that x is 0, 0.1, 0.13 and 0.16, respectively. Figure 1 shows the XRD pattern of LiFe 1−x Cu x As single crystals in which only 00l reflection peaks can be observed. The inset is the enlarged view showing the 002 peak. It is found that the peak moves to high degree with x increasing, which suggests that the lattice parameter c decreases when the doping level increases. Figure 2 shows temperature dependence of resistivity for LiFe 1−x Cu x As. The superconductivity of LiFeAs was completely suppressed by 10% Cu doping and LiFe 0.9 Cu 0.1 As sample presents a metallic behavior in the whole temperature region. But for the 13% Cu-doped sample, it shows metallic behavior above 10 K. Below 10 K, the resistivity increases when temperature decreasing. When Cu doping level increases to 16%, the resistivity behavior looks like a semiconductor. In
The crossover from metal to semiconductor in Cu-doped LiFeAs system the impurity potential of Cu is about 4 eV deep below the Fermi energy. The behavior of Cu doping in LiFeAs system is just like a strong scattering impurity.
17
When Cu doping level increases, the concentration of strong impurities would be enhanced and the degree of disorder increases which would lead to the Anderson localization. That might be the reason that the metal-semiconductor transition is observed in higher Cu-doped LiFe 1−x Cu x As.
Summary
LiFe 1−x Cu x As single crystals with Cu doping level up to 0.16 were successfully grown. When Cu doping level increases from 0.1 to 0.16, the metal-semiconductor transition was observed.
